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Performance of repeatability is one of the criteria for robot manipulator 
selection to match the requirements of the tasks to be done. The purpose of this 
project was to study the performance of repeatability for Mitsubishi Micro Robot 
MELFA RV-MI's robot manipulator. There were two areas concerned: robot 
manipulator speeds and lifting payloads carried by robot manipulator. With the 
introduction of different of robot manipulator speeds or lifting payloads carried by 
robot manipulator, the repeatability error changed accordingly. This corresponds to 
random errors once robot manipulator operated. The standard deviation of 
repeatability error under maximum speed and lifting payload, 8max obtained by 
experiment was compared with the theoretical value provided from the manufacturer. 
A method based on amplified a small deviation occurred between a 
programmed point and return point is used. The robot manipulator was programmed 
to accomplished the experiment through the DENFORD Virtual Reality Robot 
Software and teach pendant box. 
iv 
ABSTRAK 
Kemampuan melakukan sesuatu kerja secara berulang alik adalah salah 
criteria dalam pemilihan robot manipulasi bersesuaian dengan kerja yang 
dilaksanakan. Tujuan projek ini untuk mengkaji kemampuan robot manipulasi 
Mitsubishi Micro Robot MELFA RV-Ml dalam melakukan kerja secara berulang alik. 
Dua faktor yang dititikberatkan iaitu kelajuan robot manipulasi dan bebanan yang 
diangkat oleh robot manipulasi. Dengan kehadiran kepelbagaian kelajuan dan 
bebanan yang diangkat oleh robot manipulasi, kelemahan dalam kemampuan 
melakukan kerja secara berulang-kali berubah mengikut kadarannya. Ini berlaku 
disebabkan oleh kelemahan rawak ketika robot manipulasi melakukan kerja. Sisihan 
piawai kelemahan robot manipulasi di bawah kelajuan dan bebanan yang maksimum 
ditentukan dari eksperimen, S, nax dan dibandingkan dengan nilai teori yang 
disediakan oleh pihak pengilang. 
Kaedah berdasarkan konsep pembesaran perbazaan antara titik yang 
diprogram dengan titik yang berulang alik diimplikasikan. Robot manipulasi yang 
digunakan telah diprogramkan menggunakan perisian DENFORD Virtual Reality 
Robot dan kotak pengajar robot. 
V 
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1.1 OVERVIEW OF INDUSTRIAL ROBOT 
An industrial robot has been described by the International Organization for 
Standardization (ISO) as follows: A machine formed by mechanism including 
several degrees of freedom, often having the appearance of one or several arms 
ending in a wrist capable of handling a tool, a workpiece, or an inspection device. In 
particular, its control unit must use a memorizing device and it may sometimes use 
sensing or adaptation appliances to take into account environment and circumstances. 
These multipurpose machines are generally designed to carry out a repetitive 
function and can be adapted to other operations [5]. 
An industrial robot as a programmable multifunctional manipulator and 
designed to move materials, parts, tools, or other device by means of variable 
programmed motions is able to perform repetitive variety of tasks more quickly, 
cheaply, and accurately than humans. There are several hundred types and models of 
industrial robots and available in a wide ranges of shapes, sizes, speeds, load 
capacities, and other characteristics. They are classify by their intended applications 
match the requirements of the tasks to be done. 
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1.2 ROBOT COMPONENTS 
The functions of robot components and their capabilities can be observed to 
the flexibility and capability of diverse movements of human arm, wrist, hand, and 
fingers in reaching for and grabbing an object from a shelf or in using hand tool. 
Most complex robot can be broken into four basic components. The basic 
components of robot are a manipulator, end effector which is part of the manipulator, 
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Power supply 
To end-effectors 
Figure 1.1 Basic of Robot's Components [5] 
1.2.1 MANIPULATOR 
End-effectors 
Manipulator is a mechanical unit that provides motions (trajectories) to reach 
a point in space which having a specific set of coordinates in a specific orientation. 
The inspiration for the design of a manipulator is the human arm. It consists of 
segments jointed together with axes capable of motion in various directions. 
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Performance Study of Repeatability of Robot Manipulator Introduction 
A robot's movements may be classified into two general categories: arm and 
body (shoulder and elbow) motions, and wrist motions. The individual joint motions 
associated with these two categories are referred to as degree of freedom (D. O. F). 
Each axis is equal to one degree of freedom. There are four, five, six and even seven 
degree of freedom robots. 
1.2.2 END EFFECTOR 
The end of the wrist in a robot is equipped with an end effector The end 
effector or end end-of-arm tooling is a special device or fixture attached to the 
robot's arm been designed to mimic the function and structure of the human hand. It 
may be equipped with any of the following depends on types of operations: 
i. Grippers, vacuum cups, electromagnets for material handling 
ii. Spray guns for painting 
iii. Attachments for spot and arc welding and arc cutting 
iv. Power tools such as drills 
v. Measuring instruments such as dial indicators 
The selection of an appropriate end effector for a specific application depends 
on several factors such as the payload, environment, reliability, and the cost. 
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1.2.3 CONTROLLER 
The controller known as control system is a communication and information- 
processing system that gives commands for the movements of the robot. It is brain of 
the robot which is responsible stores data to initiates, terminates, and coordinates the 
motions and sequences of a robot. It interfaces with the computers and other 
equipment such as manufacturing cell and assembly systems. 
1.2.4 POWER SUPPLY 
Each motion of the manipulator is controlled and regulated by independent 
actuators that use an electrical, a pneumatics or a hydraulic power supply. Each 
source of energy and each type of motor has its own characteristics, advantages and 
limitations. 
1.3 REPEATABILITY 
Repeatability is the ability of the robot to reposition itself to a position to 
which it was previously commanded or taught. Or in other word is a measurement of 
the deviation between the programmed point and the return point under identical 
conditions of load and velocity [ 11 ]. The figure 1.2 illustrates the simple example of 
repeatability. From the figure 1.2, the manipulator is programmed begin the sequence 
by moving its end effector from nest (rest) to point A (programmed point). Then, the 
manipulator is transverses from point A to point A' (reference point) through 
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sequences of preplanned paths 1,2 and 3. The manipulator is reposition to a position 
of point A along the preplanned paths 4,5, and 6. The point of manipulator achieves 
at point A for the second times is called return point. The different between the 
programmed point and return point is measured and determined as repeatability 





Figure 1.2 Repeatability 
Repeatability can exist into two terms: long-term and short-term. Long-term 
repeatability is concern for robot applications requiring the same identical tasks to be 
performed over several months. For the applications where the robot is frequently 
reprogrammed for new tasks, only short-term repeatability involved. Short-term 
repeatability is influenced most by temperature changes with the control and the 
environment, as well as by transient conditions between shutdown and start-up of the 
system. 
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1.4 AIMS AND OBJECTIVES 
The main aim of this thesis is to study the performance of repeatability of 
robot manipulator. The areas concerns are the effects of robot manipulator speeds 
and lifting payloads carried by robot manipulator to the performance of repeatability. 
This thesis involves the development of repeatability's method; robot's 
programming process using DENFORD Virtual Reality Robot software which 
integrated to the real robot Mitsubishi Micro Robot MELFA RV-MI and teach 
pendant box; and measurement of the repeatability of robot manipulator. 
Ü University Malaysia Sarawak 
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CHAPTER 2 
LITERATURE REVIEW 
2.1 BASIC TERMINOLOGY AND CONCEPT 
2.1.1 ROBOT CONFIGURATIONS 
The motions of arm and body vary depending upon their mechanical design. 





v. SCARA (Selective Compliance Assembly Robot Arm) 
The Rectangular configuration or also known Cartesian coordinated 
configuration uses three perpendicular slides to construct the x, y, and z axes. The 
first coordinate, x represents left and right motion; the second, y describes forward 
and backward motion; the third, z generally uses to depict up-and-down motion as 
shown in figure 2.1. Through this configuration, equal increments of motion can be 
achieved in all axes by using identical actuators. But, the motion of each axis is 
limited to one direction and makes it independent of other two. By moving the three 
University Malaysia Sarawak 
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slides relative to one another, the robot is capable of operating within a rectangular 
work envelope. 
:ý -ý 
Figure 2.1 Rectangular Configuration [3] 
The Cylindrical configuration has two linear motions and one rotary motion. 
The first coordinate describes the angle, 0 of base rotation; the second corresponds to 
a radial or R in-out motion at whatever angles the robot is positioned; the final 
coordinate corresponds to the up-down or z position as shown in figure 2.2. By this 
type of configuration, the robot is capable of retrieving a cylindrical work envelope. 
Figure 2.2 Cylindrical Configuration [3] 
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The Spherical configuration reaches any point in space through one linear and 
two angular motions. The first motion, 0 corresponds to a base rotation about a 
vertical axis; the second motion, ß corresponds to an elbow rotation; the third 
motion, R corresponds to a radial translation as in figure 2.3. The two directions can 
point the robot in any direction and permit the third motion to go directly to a 
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Figure 2.3 Spherical Configuration [3] 
The Jointed-Arm configuration consists of three rotary motions to reach any 
point in space. It is similar to the human arm. The first rotation, 0 is about the base; 
the second rotation, a is about the shoulder in a horizontal axis; the final, ß is a 
rotation of the elbow which about a horizontal axis. The elbow axis is positioned in 
space is determined by the base and shoulder rotations. This type of configuration, 
shown in figure 2.4 can move at high speeds in various directions and has a greater 
variety of angles of approach to a given point. Its work envelope is of irregular 
shape. 
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Figure 2.4 Jointed-Arm Configuration [3] 
While, the SCARA configuration generally reaches any point in space 
through one linear motion and two rotary motions. The first rotary motion, 0 is about 
the base; the second motion, p corresponds to the elbow about its vertical axis; and 
the third motion, z corresponds to the vertical up-down axis. Figure 2.5 illustrates the 
SCARA configuration. This type of configuration is most versatile configuration and 
provides a larger work envelope than the other configurations. 
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Figure 2.5 SCARA Configuration [3] 
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